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Field Investigations, Methods, and Procedures 

This appendix discusses field investigations conducted by Engineering & 
Environmental Solutions (E&E Solutions) at the Ottawa County Farms Landfill, Ottawa 
County, Michigan.  Field investigations included exploratory drilling, soil sampling, 
and well installation and development.   

Exploratory Drilling and Soil Sampling 

During October and November 2015, E&E Solutions personnel supervised the drilling of 
twenty one soil borings by Stearns Drilling Company of Dutton, Michigan.  During 
December 2015, E&E Solutions personnel supervised the drilling of an additional three 
soil borings by Superior Environmental Corp, Michigan.  Monitoring wells DB-24 
through DB-28 were installed in five of the exploratory borings and gas probes MM-17 
through MM-21 (Figure 14) were installed in five of the exploratory borings.  A total of 
10 clay confirmation borings and four sand verification borings were drilled within the 
footprint of the proposed eastern expansion.  The location of the monitoring wells and 
soil borings are shown on Figure 3.   

All of the borings were drilled using 4.25-inch inner diameter hollow-stem augers and 
hydraulically driven truck-mounted drilling rigs.  A split-barrel soil sampling device 
was used to obtain soil samples at each boring using sampling techniques in accordance 
with ASTM procedure D 1586.  Shelby tubes were pushed hydraulically with the drill 
rig.  In borings were bedrock was encountered, drilling was continued using 5-foot 
long, diamond-tipped rock coring bit which was extended to bedrock inside the hollow-
stem augers.  All borings not converted to groundwater monitoring wells or gas 
monitoring probes were grouted to the surface using bentonite slurry.  For a complete 
description of the earth materials encountered during drilling, refer to the soil boring 
logs provided in Appendix B and the physical soil test results provided in Appendix E.   

Monitoring Wells, Clay Confirmation Borings, and Gas Probes 

The following is a generalized description of the monitoring well construction, clay 
confirmation borings, sand verification borings, and gas probes installation procedures.  
Specific construction details are provided in Appendix B.   

Monitoring Wells 

Exploratory borings DB-24, DB-25, and DB-26 were advanced to depths of 170 to 184 
feet below ground surface (BGS) and exploratory boring DB-27 was advanced to a 
depth of 88 feet BGS.  Well DB-27 is part of the shallow/deep well pair (DB-27/DB-28).  
See Figure 3 for well locations.  All borings were advanced using hollow-stem auger 
drilling methods.  At borings DB-24, DB-25, and DB-26, split spoon samples were 
collected from the ground surface to approximately 100 feet BGS at 5 foot intervals and 
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continuous split spoon samples were collected from 100 feet BGS to the top of bedrock 
(approximately 180 feet BGS).  All samples were logged consistent with the unified soil 
classification system.  The target depth of these borings was the top of bedrock.  The 
exploratory borings were used to characterize the subsurface distribution of the 
sedimentary units that contain the upper aquifer beneath the eastern expansion.  
Monitoring wells were constructed in each of these borings at depths of approximately 
143 to 170 feet BGS (Table 2).  Each monitoring well was constructed with a 2-inch 
diameter, flush-thread, Schedule 40, polyvinyl chloride (PVC) casing, and a 5-foot long 
0.010-inch machine slotted screen.   

Bedrock monitoring well DB-28 was installed at a depth of 215 feet BGS using hollow-
stem auger drilling and bedrock coring/reaming methods.  Split spoon samples were 
collected from the ground surface to 100 feet BGS at 5 foot intervals, continuous split 
spoon samples were collected from 100 feet BGS to top of bedrock (165 feet BGS), and 
bedrock core samples were collected from 165 to 215 feet BGS.  All soil samples were 
logged consistent with the unified soil classification system.  The monitoring well was 
construct with 2-inch diameter, flush-thread, Schedule 40, PVC casing, and a 5-foot long 
0.010-inch machine slotted screen.  The screen interval at monitoring well DB-28 is 209 
to 214 feet BGS (Table 2).   

All well casings were extended a minimum of 2-feet above grade.  A filter sand was 
placed around and a minimum of 4 feet above the well screens and the wells were 
developed to tighten the sand pack around the screen and remove fines.  The remainder 
of the annulus was back filled with bentonite grout to the ground surface.  Each 
monitoring well was constructed with the following features to be in compliance with 
Part 115 rules:   

- the top-of-casing was permanently marked to indicate where to measure water 
levels;   

- the caps or well are vented;  

- a protective casing and concrete pad was placed around each monitoring well;   

- steel bumper posts were installed to protect the well monuments; 

- each protective casings was labeled with a permanent placard to identify the 
well; and  

- each protective casing is locked with locks that are keyed alike.   

A well located near the southwest corner of Phase 7 was abandoned as part of this 
investigation.  The well is believed to have been installed during the 1994 
Hydrogeological field investigation.  The well was not part of the site's groundwater 
monitoring program.  The well was over-drilled, removed, and backfilled with 
bentonite grout to the ground surface.   
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Clay Confirmation Borings 

A total of ten clay confirmation borings (SB-31 through SB-40) were drilled within the 
footprint of the expansion area to confirm the presence of clay beneath the liner 
subgrade (Natural Soil Barrier).  Five of the borings (SB-38 and SB-41 through SB-44) 
were also used to verify the depth of the upper sand unit.  See Figure 3 for the boring 
locations.  At borings SB-31 through SB-40, continuous split spoon samples were 
collected from the ground surface to the bottom of the borings.  Standard geotechnical 
investigations using split spoon sampling methods (ASTM D1586, Standard Penetration 
Test) were used.  At the sand verification borings, continuous split spoon samples were 
collected from approximately 30 feet BGS to the bottom of the borings.  All borings in 
the landfill footprint were backfilled to the ground surface with bentonite.   

Information collected from the clay confirmation borings was used to characterize and 
verify a minimum 10-foot-thick natural soil barrier beneath the bottom of the proposed 
landfill liner/sump.  At each clay confirmation boring, continuous split spoon samples 
were collected through the natural soil barrier.  In addition, fourteen Shelby tubes 
samples were collected from the clay unit.  Samples collected from the clay unit were 
tested for particle size distribution by sieve and hydrometer, Atterberg limits (ASTM 
4318), soil classification (ASTM 2847), and hydraulic conductivity using the methods 
approved in Rule 299.4920.  See Table 1 for a summary of soil testing results.   

Results of this investigation along with a demonstration of homogeneity will be used to 
propose an alternate frequency for future borings to verify a natural soil barrier 
consistent with OWMRP-115-26.  Future subsurface investigations with additional clay 
confirmation borings will be conducted, as needed, for new cell certification.  Based on 
the lateral consistency and uniform characteristics of the upper clay unit, as 
documented, one clay confirmation boring is recommended for every 2 acres of natural 
soil barrier for the eastern expansion. 

Gas Probes 

A total of five dedicated gas monitoring probes (MM-17 through MM-21) were installed 
around the perimeter of the site.  The locations of the gas probes are shown on Figure 
14.  The locations are based on potential receptors surrounding the site as well as on-site 
structures.  Gas probe MM-17 was installed along the northwestern perimeter of the site 
between the site office/garage and the recycling facility northwest of the site.  This 
probe is between the landfill and the farming structures west of the site.  Gas probe 
MM-18 was installed along the southwestern perimeter of the site between the landfill 
gas generation plant and the RRC office.  Gas probes MM-19 and MM-20 were installed 
along the north-central and south-central perimeters of the site and gas probe MM-21 
was installed along the eastern perimeter of the site.  The gas probes extend to the depth 
of the landfill and are designed to detect the migration of potential subsurface landfill 
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gas.  Depths and construction details of the gas probes are provided on the boring logs 
(Appendix B) and are discussed below.    

The gas probe borings were advanced to a total depth of 31 to 56 feet BGS to match the 
total depth of the adjacent landfill.  Split spoon samples were collected at 5-foot 
intervals from the ground surface to the bottom of the borings.  The subsurface 
materials encountered were predominately low-permeability clay.  The gas probes were 
constructed with 2-inch diameter PVC casing and 21 to 46 feet of 0.010-inch slotted PVC 
screen.  The screens were placed from approximately 6 feet BGS to 5 feet from the 
bottom of each boring.  A 5-foot-deep sump was included at the bottom of each boring 
to collect potential water seepage from the clay.   

All probe casings were extended a minimum of 2-feet above grade.  A pea stone filler 
(#3 Global gravel pack) was placed around and 1 foot above the probe screens.  The 
remainder of the annulus was back filled with bentonite chips to the ground surface (5-
foot-thick bentonite surface seal).  A protective casing and concrete pad was placed 
around each gas probe with steel bumper posts to protect the monuments.  Each 
protective casings is labeled with a permanent placard to identify the probe and each 
protective casing is locked with locks that are keyed alike.   

Laboratory Testing (Groundwater) 

A minimum of eight background samples will be collected from six monitoring wells 
(DB-23 through DB-28) installed around the proposed eastern expansion.  Background 
samples will be collected during individual sampling events beginning in December 
2015 and ending in December 2016.  The samples were tested for the full list of Part 115 
parameters.  The background groundwater analytical data will be used to develop 
proposed statistical limits.   

Laboratory Testing (Soil) 

During the field investigation, soil sampling was conducted at all 24 soil borings.  Of the 
721 soil samples collected during the field investigation, approximately 584 samples 
were taken from the upper clay unit, 84 samples were collected from the upper sand 
unit, 46 samples were collected from the lower clay unit, and 7 samples were collected 
from the lower sand unit.  Bedrock core samples were recovered from deep boring DB-
28.  Field descriptions and laboratory classification of the soil samples are presented on 
the boring logs (Appendix B).   

During the 2015 field investigation, representative soil samples from 20 soil borings 
were tested consistent with Part 115 requirements.  Samples were tested for particle size 
distribution (sieve and hydrometer; Rule 299.4904[4][e][i][A]; ASTM D422) and 
Atterberg limits (Rule 299.4904[4][e][i][B]: ASTM D4318) if they contain cohesive soils.  
Shelby tubes samples of the upper clay unit were tested to determine hydraulic 
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conductivity using the methods approved in Rule 299.4920 (STM D5084).  Results of the 
laboratory testing were used to classify the soils under the Unified Soil Classification 
system (Rule 299.4904[4][e][i][C]).  Soil testing results are provided in Appendix E and 
summarized in Table 1.  Permeability test results for the clay, silt, and sand units are 
summarized in Table 4.   

Groundwater Elevation Survey 

After installation of the monitoring wells the top-of-casings and ground surface was 
surveyed at each well location.  Stabilized groundwater elevations at the wells were 
used to evaluate groundwater flow directions and gradients and determine 
groundwater separation beneath the proposed landfill.   
 








